A simple circuit based on a memristor and constructed from colpitts oscillator is investigated in this paper. The evolutions of impedance and current-voltage characteristics of the memristor are studied, the phase trajectories of the state variables in this circuit are presented, and the bifurcation diagrams with different parameters and initial conditions of memristor are illustrated. With the variances of the circuit parameters and the initial conditions of memristor, the circuit shows different dynamic behaviors such as period, period doubling bifurcation, chaos, etc. And there coexist periodic windows in some regions of chaos. Numerical simulation results depict how the dynamic properties are dependent on the circuit parameters and initial conditions of the memristor in detail. Moreover, the circuit shows some colpitts like and unlike oscillating properties. Finally, the circuit simulating experiment and conclusion are carried out in this paper.
Introduction
The study on memristor has attracted wide attention since its successful realization in HP laboratory [1] . These works were mainly devoted to the analysis, design and application of memristor circuits, for example, the basic arithmetic operation for memristor circuits [2] , an emulator for application of memristor [3] and so on. Of course, more papers investigated the chaotic behaviors of memristive systems [4] [5] [6] . Ref. [7] further proposed a compound synchronization scheme among four memristor oscillator systems. Ref. [8] implemented a 3rd phase shift oscillator based on three memristors. These literatures on oscillator systems reminded us of the well-known oscillatory circuit -colpitts oscillator, which was usually configured by an amplified circuit and a feedback network with one inductor and two capacitors [9] [10] , and might include different dynamic behaviors in different parameter situations. In this paper, with the resistive load in [9] replaced by a memristor, a colpitts like oscillator based on a memristor is implemented. Numerical and circuit simulation results confirm its rich oscillatory behaviors, such as period, period doubling bifurcation, chaos and so on under various circuit parameters and initial conditions of the memristor.
Description of the Memristor-based Circuit and Simulation Experiments
Circuit Model. On the basis of the classical configuration of colpitts oscillator [9] , a memristor based colpitts like oscillator is constructed as shown in Fig.1 , where M is a memristor which has substituted the load resistor in classical configuration, T is a bipolar junction transistor (BJT) which is as the active gain element in the main network of the oscillator. Let L be an inductor connecting serially with the memristor, 1 C and 2 C be the capacitors between CE junction and BE junction of the transistor, respectively. These three elements play the role of feedback network in the oscillator. 0 i represents the constant current source, assuming that its internal resistance approaches infinity. And it is also supposed that the model satisfies the several simplifying hypotheses proposed in [9] .
In addition, the oscillator should satisfy the oscillation conditions in both the amplitude and phase as shown in Eq. 1, where   In this paper the drift model considering nonlinearity [5] is applied to the memristor as depicted in the first expression of Eq. 3. And the state equations of the whole system are shown as in the other expressions of Eq. 3:
where the state variables 1 2 , , 
Numerical simulation experiments. Figs. 2-3 depict the impedance characteristic of the memristor, their phase portraits when the circuit parameters are taken as in Table 1 : It is worthy of mentioning, there exist periodic or quasi-periodic states in the large region of chaos. For example, L [12.5, 12.8] , L[13.15, 13.35], and so on, periodic or quasi-periodic properties are observed. Fig. 4(b) further expands the discussed space of parameter L.
Further investigation is carried out in Fig. 5 by varying two parameters C1 and C2 simultaneously and independently, as the other parameters are same as in Table 1 . In Fig. 5 , the colors from dark blue to dark brown correspond to the increasing value of local maxima for the state variable M i , where large value of local maxima denotes the complex periodic or non-periodic dynamic behaviors. Table 1 ; (b) Except the initial dopant position of the memristor is x0=10nm, the other parameters are same as in Table 1 .
Next the impacts of the initial conditions (namely, the initial length of dopant region, and the polarity of the memristor) are considered in this paper. The positive polarity of the memristor (ea=1) means the non-decreasing dopant region, while the other (ea= -1) denotes the non-expanding region [5] . Fig. 5 shows the bifurcation states in parameter space (C1, C2), the other parameters except the two dimensional (C1, C2) space are the same as in Table 1 in Fig. 5(a) , and the initial position is changed to be x0=10nm in Fig. 5(b) . Fig. 6(a) is based on the changed polarity and initial position where ea= -1, x0=10nm, and Fig. 6(b) shows the situation with bifurcation parameters C and L varying respectively, where L=13.5mH, ea=1, x0=0.01nm, and the other parameters are the same as in Table 1 . 
Current-voltage Characteristics of the memristor.
Memristor is a frequency dependent device [1, 5] . And the oscillating frequency is approximately decided by Eq. 5 and Eq. 6. Fig. 7 in this paper shows some impacts of the oscillating frequency (by varying the value of inductance or one capacitance or both capacitances here, to be specific) and the other parameters which are not included in the previous bifurcation analyses. It unchanged. Furthermore, it is also demonstrated that there still exists rich dynamic behaviors from increasing period to chaos in Fig. 7 . The oscillating frequency of the oscillator is approximately given by:
where X denotes the total equivalent impacts of load resistance and the parameters of the BJT transistor. Circuit simulation experiments. In the aforementioned simulations, the memristor was regarded as an ideal element because it is not commercially available so far. There are a few papers discussing its circuit implementation by other replacing elements [3, 11] , where Ref. [3] proposed a memristor emulator through both simulations and experiments with some ready-made components like amplifier, multiplier, resistors, capacitor and MOS transistors, etc. In this paper, circuit simulations via MULTISIM software are done by using the model consisted of operative amplifiers and other elements to take place of the memristor, where TL082CP, AD633ANZ are the operational amplifier, multiplier, respectively. 2N6659, 2N6804 are the NMOS and PMOS transistors, respectively. Fig. 8 demonstrates the existence of oscillation. However, it is not a physical implementation after all, which will be our next work.
Conclusion
In this paper a colpitts like oscillatory circuit with BJT is designed by replacing the load resistor in the classical colpitts oscillator with a memristor. And the nonlinear dynamic properties of the memristor-based circuit including phase trajectory, resistance variance of the memristor, bifurcation diagrams and current-voltage characteristics are obtained. Numerical simulation results show that it may generate periodic, period doubling bifurcation and chaotic dynamics in various parameter cases and initial states of the memristor. Finally, the circuit simulating experiment demonstrates the existence of the oscillation.
